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-r^^-J (Perkin Elmer C e t u s ) ^ffll^Ttf 9 C A'^T? 

7^U^^FE^iJ05iE{i7-7>/-^'A (Ame r s h am) [C^iOM^-^M 
+ >y ^^ffll/^T+^y;9-l| (S a n g e r et a \ . ) ic^Om^-^titcyj 
m [Proc. Natl. Acad. Sci. USA. 74 (1 9 77) 54 

6 3-5 4 6 7] {C^0'i7t>n^o 

- H h^mmz 9 3^ (Grab a-m) o CO^^iJ«!f#^i:^(D>^rV Atcffi 
^)Atnfcmirti HOTt^V-^^/I/XA d 5(Dyyh(Dl£^'7^ (1 2%) 

- t h»^KB : HhgJSMffl*^e.!^a»$n. CcD^^iJ^i A T C C (g 

- hW^H e 1 a : t h±jSom^^e>»$n. clO^^iJtiAT C C 

mfrsc c L 2) -e&tf^om«^fFS-r§^#t:'A^-et^o 

(Macatney et al.,) Science 44 (1988) 9] 

- WiM^ gm DBP6(Brough et al. . Virolog 
y 190 (199 2) 62 4) )o C(D^m^i. MMT VO L T RtDWTtC 
7f^V->-r;U7.E 2}l{E?^W-r^H e 1 a|ffl»e>^§o 

^isa^ij 1 
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ii5B^§1=^L^l/^(DT\ h'^^XMS (trans corapletnentafion) 

|g;KliSti:J;'5HiSL/Co ^(DfMZ^ L i pp e t a 1. , 
(J. Virol. 6 3 (1 9 8 9) 5-1 3 3) OIBit^nTl/^^SffitC 

m L (0 3 mm . ^ Lxw<m\tmm-^ t 4 d n a u io-'^con^i^'em^ 

Lfno '■k\nm^(0'K9K^mW^O. 8% S D S-7;^n-XW±-e5il!L/i 

mtl :Ad5llTM- 0-20642 (Saul) t (Saul) 33797-3 
5 9 3 5 (Df^(DW&o 

m t 2 : A d SifinO- 19549 (Ndel) t (Ndel) 31089-3 
5 9 3 5 (Df^COm^o 

mt3:Ad5|ffK-0-10754 (Aatll) ^(Aatll) 25915 
-3 5 9 3 bCOf^com^ 

m t 4 : Ad - 11311 (Mlul) t (Mlul) 24392-3 

5 9 3 5 OPhIOjIISo 

mt5:Ad5if)T-0-9462 (Sail) t (Xhol) 29791-3 
5 9 3 5 OP^OjilSo 

m t 6 : A d 5ifK-0-5 788 (Xhol) t (Xhol) 29791-35 

9 3 5 (Dfii(Dm^o 

mt7:Ad5ifiT- 0-3665 (SphI) t (SphI) 31224-35 
9 3 5 or^OiilSo 

±»J:9Ji:Iil!L/i#^O^^f*^. mmti)\yiy^ h(On^l^. Ad. RS 
V/3Gal (Stratford — Perricaudetet al. , J. 
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Clin. Invest. 90 (1992) 626) io^ibO^^ JlXDN A^^m 
I K B |01B#- h ^ y X 7 X ^ ^> a 



SV/3Ga 1 ;^)^f)^D'>-^';^XDN AtC^^jSL. ^ LTcfc '5@^/^t^D;0^^^ISSJt^^C 

J;D4M$nrcfflm7-i';l/X*^e)(DDNAti:^j5S-r§ (0 3) <> ti#ot#^n 
fc;^l«il^ 1 o' p f u/m ITS^o 

mt 8 : IfritA d R S V /3 G a 1 t^^(D0-4 623 (A pal) i:Ad5*^ 
P)CD(Apal) 31909-35935 CDPa^M^So 

m t 9 : Kffi=VA d RSV/3Gal^cD 0-10178 (Bgl I I) i:Ad5 
(B amH I) 2 1 5 6 2 - 3 5 9 3 5 OP^tDjl^iSo 
»RS V7f;l/Xc0LTRynt-^-O$iJ®TTL a c Zjl^S^^ffl^f-T 
§^ne(D^S{*^. E 4MW^^tTV^?)H 2 d 1 8 0 8 (W e i n b e r 
g s al., J. Virol. 57, (1986) 833) 0#ffiTT^ffl)S 2 
9 3f1^tC|5lBt-h^yX7x^v^a>Lrco ilO^ZKD^^r^tiltj^^ff, h^VX 

^M^'J 2 
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TT«DE4jia?. Ra'«jl{5?^LTO. RS V'^^;bX(DI TRyn^r- 
^-cDfiJ^TTtDL a c zmB^^mnt^-fy^^ v^mm^rc m4) » 

p E 4 G A 1 tm^-^n^CCD-f^X^ F^OT<Dif)T-<^^0->^fbStfjiM 

- ■/5X=F PFG144 (Graham et al. , EMBO J 
. 8 (1989) 2077) *^e>l^a»^n?) H indlll-SacII irlno 

coirK-ti h^yxmiTA d 5:^)^e.<7) i T R&\Rifm^mn^mnt ^ : H 

indlll (34920)-SacII (352) ^ino 

- s a c 1 1 mmm 8 2 7ou^;i/tC'f4M-r?)) ^1 p s 1 1 mm^ 

4 2 4 5 0U^;l/^i:f4H-r^) MPh^^A d 5ti^^(DW\fns 

- Pstl(bp 3 2)^SaII(bp 3 4) g|5fuP^(Dp S P 7 2 
(P r om e g a) ;b^P)Oirjto 

- Stratford — Perricaudet et al. (JCI 

9 0 (1 9 9 2) 6 2 6) iClHic^nTl.^^T'^X^ K pAdLTR Gal 
1 XtDXho I-Xba \ m)^o ^OUrintiR S V'>-r;l/XO L T ROWTT^ 

L a c zmBi-^m.mt^o 

- -fvTs^Y pSP72(7:XbaI (bp 40)-NdeI (b 

p 2 3 7 9) irito 

- A d 57b^?>ON d e I (bp 3 1 0 8 9) -H i n d I I I (3 4 9 3 
0) K/rino ccDSfritfiAd 50'!fVA(D;&«tc{VittL. ^ng#tD:/nt-^ 
-MtaiT^CE 4^i|!cMit-r^o ^n^>^^X5 K p S P 7 2(DN d e I M 

(2 3 7 9) Rt/H-OirK-OH i n d I I \mtL\Z^U-y\tLfco 
m^(0m)^^'fv7.^ Kp S PO^/T^$nfc^Wtc^a->"(fr^il<^:ti:cfc 

^^tcM;(3;l/v^'^i>0#^ETT:\ Zt^T.^ F p E 4 G a 1 ^-^-f ;I/XH 2 d 1 
8 0 8A^^ODN A^ffll/^TW2 9 3 4Hc|sjB#- h^>X7x^iya ?)o 
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-f)\yXMB^tLX Ad 5 79y^-C)VXti>^(DE4mB^^mnt^ (0 4) 
o ^Wyhimi 2 k b(D■t^^X^^L. C(OC timm^iK^^j:-^^ X (2 

o 

^(DfMz. A d 5£Dii,^ I T R s. IS^^SB^iJ. ^n^^o:>yu^~'^-(D%\\ 
©T-eOAd 2;^^f,cDE 2ilj5?. Rt/«ae?^LTO. RSV'>^;l/XCD 
I TRcd:/p^-^-(DWTTcDL a c ZMfE^^Wt-^^^X^ F^^i^ 
tfc (0 5) o p E 2 G a 1 ^^a^N^n/cCCDy^X^ H^OT^Hr^V^D^n- 
- y^X^F PFG144 (Graham et al. , EMBO J 
. 8 (1 9 8 9) 2 0 7 7) ;6^e>l^»^n§H indlll-SacII W\)^o 

ooirn-fi F^vxm^-eA d 5:6^ p. CD I T RmARx}Wi^u3mm-t ^ h 

1 n d I I I (3 4 9 2 0) -S a c I I (3 5 2) m)no OT©ifK-^ffil/^T 
. ^n>&:/^X5 Fp S P 72cDHindIII (16)-PstI (32) 

- S a c I I {Mmi2 8 2 7(DU^;l/tC{uH'r§) i: P s t I (^8^4 

2 4 5cDlx^;l/tC{uH-r^) UW(Okd 5ti^h(0m)n. C(DW{)^^mvS^(0^)n 
CDS a c I iM^^yV^X^ Fp S P 7 2CDP s t \mtL^K^U~y\\Li. 

- P s t I (b p 3 2) ^ S a I I (b p 3 4) ^cDTOp S P 7 2 
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( P r o m e g a ) cDSff)to 

- Stratford — Perricaudet et al. (JCI 
9 0 (1 9 9 2) 6 2 6) {clHic^nTl^i)^^^^ F pAdLTR Ga 

1 I XOXh o I -Xb a I ifflto COirj^tiR S V^-f ;l/XtDL T ROWT 
TL a c zmHi^^mnt^o ^n^y'^X^ Fp S P 7 20s a I I (3 4) 
RUX b a I MI^Jii^n-yftL/co 

- XbaMbp 3 4)i;BamHI (bp 4 6)gPOTcDp 

SP72 (Promega) (D^in^c 

- Ad2CDBamHI (bp 2 1 6 0 6) ^1 S m a I (bp 2 7 3 3 
9) BItIt-o ilcDA d 2yVAOirinti:^ni#<D^Dt-^-c0WTT-E 2^ 
i|lcMf#-r§o ^n^y^X^ Fp S P 7 2C0B amH I (bp 4 6) ;^a'E 
c o R VgPfjicftil^n— >fbL/co 

- 'f'yX^ FpSP72<DEcoRV (bp 81) ^iHindl I I (b 
p 1 6) m)no 

s^onrK-^y^x^ Fp s p 7 zcom^^-^nrcm^^ic^^-yitt^^t 

m&tiJliy^J^o^^^'rv. -fyX^ Fp E 2 G a 1 ^Ezmm^^M 
LTl^^H 2 d 1 8 0 2 '^-r;l/X>^)^?>OD N A (Rice et al.,J. 
Virol. 56 (198 5) 76 7) ^ffll/^TW2 9 3 ^^^CIrIB^- F ^ >X 

^-CJ\y7.im-(0^-fJ\^XAin'?tLXA d 2 7xV '>-r;PX;^)^P)£D E 23115? 

tC;«ct^-9--rX (20kb^TO) OMSIiDNAtDfflA^orH^til-rSo f;!^oT. 
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PNAS 90 (1993) 5 6 0 3 tCfeic^tlTV^i) g^X(i^/J^fl5S«0V^ 

■fnA^o. T^^^-y-p^^yvtCcfcDi^^^n^MMT V cpha 

rmacia) c^LTR. fe'Sl>JiGossen&O'B0jard<Cct 

- 5 ^ -ti h ^ y 7. 7 X ^ 3 y ^ n/cjlfS^O g ^ ^ -Tfe -p 
J: 9 § ^ - ^ ^ — Tfe -cj T cJ: i/^o 

Bt- h ^ y X 7 X ^> 3 y ^ nfcg^ § D N A ifK-tC J; -3 T t nt#§o 
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1 . MM T V CD L T R O WTT<D A d 5 cD E 2 7 2 Kilfe^^filt 
■r^W2 9 3o 

2. MMTVCDLTR (DmmrVCD A d 5 E 2 ^^cD 7 2 Kilfs^. 

F U-t:/^-{i:ia-r^il{5?^W-r§M2 9 3o 

3. MMT VCDL T RtDWTTOA d 50E 2 W&t/MMT V£DL T R 
OMTTOE 4^i|!((D7 2 KjlfS^^fiif-r^lfflflS 2 9 3o 

4. MMTVtDLTRcDiiJtSlT'ecDAd 50E2^i|!c, MMTVOLTRO 

ii{5?^W-r§»2 9 3o 

5. MMT VCDL T RtDMUlTTOE Amm^mi^t^mM2 9 3o 

6. MMTV(DLTRtDffeiJ®TTOE 4 ^i|!cJ^y"^Vl/3 n;I/^n-r FU-tT' 

^-Ji:Mt§iifE^>&iiifr§W2 9 3o 

7. ^tlf-Sa-oya^-^-OMTTOE 1 ARZfE 1 BM^^W-r 
gm DBP60 

8. ^n?>i#tD:/n^-^-(0M-F"eOE l ARt^E 1 Bm^RlfUM 

mmms 

ccommimt. ^WVA*^e, E K E 3SLt;E 4 3lf5W^^bTl>?.*f§ 
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X 7 X ^ i> 3 y ct (^M K 2 RO-' 3 fe§ v^tiffiS^ (^j5S^iJ 

4) ic^i^mmtntzo 

5. 1 FpP Y 5 StDliU 

a) Fp P Y 3 

A d 579y^^)\yX(D^yi.(D:^^mzM!Z^t^'f'7X^ F p F G 1 4 4 
A V r I I - B c I I HtK- [F. L. Graham et al. EMBO J. 8 (1 9 8 9) 2 0 
7 7-2 0 8 5] dam- n^r^^XF (dam- context) f)^^m^'^tirz 
^^^-p I C 1 9H(DXd a I i;B amH I (Omic, tii:46^c^n-y'fbt/c 

0 i:n«:/^x^ FpPY2 3^{^tii-r§o Fp p y 2 30 1 ocdw^o 

rj:Wmt. ^^^-p I C 1 9HO^B^n~:^>^"g|5fi[;0^P)t#e>n§ S a I I 

^iHi:fiitt-rSili;-efe?)o ^^tc. 3 5-6 1 4f4ti:{i[g-r§H a e I I I gpfu*^ 
?,(DAd 5 7xV'^-f;l/XtDyV^cD*r*iS^-a'ty:/5X^ FpP Y2 30Ha 
el I I-Sa I I|lT>T-^> ^^^-p I C 2 OHOE c oRVRtfXho I 

5 F© 1 0^7)WflJ^^#M^i^ ^^^-pIC20 H(D^m^u-:z-y^'miLiJ'^ 
m^n^Xba iSt/C 1 a l^iLfi^^U-yitCD^^^E c o RY/Ha e I I 

US^(D^mciiLmt^^ tV&^o ibic^^^^li. dam+ n y -r 4^7. h T;-^ 
^^^;Wk«Hg^^o/c:C 1 a IgPfutc-rCPDO. 5? ^ U:t^ Fnyr4^X 
F (context) ^imt^o '-Xlc^ A d 5 7'rV '>-r;UXcD'irV AOX b a I 

(3 0 4 7 0) -Ma e I I ( 3 2 8 1 1 ) KK-^dam- ny^^^XF^^e. 
I^^LfcT'^X^ FpPY2 9tDXba IRZ}C 1 a I miLCDf^lC^ U-yitL 

rzt)\ cnti:/^x^ Fp p Y 3 o^i^ttjt-^o 3 o 5 5 6f]itcfua-ri)S s t 

1 M^^e)^f«^T-CDA d syTy^-r^bxcDy/AcDgB^ijtcWjs-r^i/^x 

^FpPYSOOSstl Kffit^^ m^m^^'^'^-p I C 2 OHOS S t I 
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iAmiC'!7U-yitLrct>\ iinti-/5X5 Fp P Y 3 l^imLfco Hindi 

■/^X^ Kp P Y 3 2ti. B g 1 I I tCj;§-/^X^ Fp P Y 3 1 Of^L U 
tM< B amH I lc^^^±rj:mitRZf:^rj:}§>nm^^&j:L^(DmcmibHrco U-o 
T. FpPY3 2^i. -fyX^ FpPY3 1 OB amH Ig|5fu&t>'3 0 

8 1 smciiLmt^B g 1 I imtKDmiciiLmt^kd sTf^y^^-r/i/xoyy 
A<D^^ji:^iS-r^o y^x^FpPY320Hi nd I 1 1 m)n-(Dmmmi^ 

F p P Y 3 2 O 1 -0(0^1^. ^nA^ii--^^c S a 1 I RtfX b a I mtL^^ 

b) :/5X^ Fp P Y 4 7tD^^ 

Ad 57rV'>'l';l/XtDyyAOB amH I (2 1 5 6 2) -Xba I (28 
5 9 2) irK-^. dam- n>x4^X F:^^e)!^ii^nrc-^^^-p 1 C 1 9HO 
B amH I Rt>'X b a I gPfittDrHllC, i:i6tC^ n-V-fbL/cA^ ^nifZt'yT. 
5 Fp P Y 1 7^#m-r§o ti^OT. CO:/^X^Ft±, A d 57rV'^-r;WX 
<Dy/AOH indlll (26328) -Bgl I I (28133) m)^^^ 
tSti\ nn^^^^-p i C 2 0 ROH i n d I I ISltJ^B g I I I gPfir^tC^^ 
o->{bLT. y^X5 Fp P Y 3 4^{tHlTt§o C(D-/^X^ FO lOOlt 
^M^n--y^"gl5{iA^P,t#P)nfcB amH IgPf4;?)^A d 5 7xV'>-r;V 
XOyyAOH i n d I I I (2 6 8 2 8) <-}fi< tC-fifi-TS C ^iTfe 

§o ^^tc, T'^X^ Fp P Y 1 7;<3^P.t#^n/iA d 5 7xV'>^;bX(7D';rVAO 
BamHI ( 2 1 5 6 2 ) - H i h d I I I (2 6 3 2 8) rriT->&:^^X5 F p 
PY34©BamH iRtfH i n d I I I gPW^C ^ Ci-Wb L/cA\ CtlliZf 
^X5 Fp P Y 3 9^{tai-r§o ^MC^ B amH I (2 1 5 6 2) RXlB g 1 I 
I (2 8 1 3 3) gPCT<7)A d7xV'>-r;l/X(DyVAgP^''^-a-t?dain- n> 
T4^XhA^P)|^iiL/c. :/5X^ FpPY39<7)BamHI-Xba I mfn^. 
dam- nyf-4^XF;b^5)Iiii^n/c^^^-p 1 C 1 9 HOB amH IRtfX 
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(D\^(DmmW^i^^M^n-::-y^'mii.fi'^m^nrcS a I IgPfi^^H i n 
d I I l^iiL(075:<{citLmt^ctV$>^ (mi) o 

c) 7^^7.5 Hp P Y 5 5(Dli^ 

B amH I (2 1 5 6 2) mifJ^^B g III (2 8 1 3 3) mtLicWUXh^ 
§A d 5 7r/'i7^;^X^Dy/^g(55J'^-^^y^ dam- :nyv-^7.hf}^^mmt 
ntc-f^X^ KpPY47(DSa I I-Xba I mi^^. "/^X^ Fp P Y 3 2 
OSal iRUXh a l^mc^u-yitLrzi:K cn^i-Z^X^ F p P Y 5 
S^imt^o CCD-fpX^}^^. E3mm (A d 5 7-rV'^-f';l/Xc7)yyAO 

2 8 1 3 3imtf3 0 8 1 smcimt^ B g 1 1 1 mm(DX^) rx}±e 4 

(A d 5 77'/'y-CJ\y7.Wyh(DMa e I I (3 2 8 1 1 ) RUH a e I 
II (3 5 6 1 4) mmo)^^) m^rs< ^^.^^LTV^§,fflm7xV'>-l' 

5. 2 ^;W^-'^'l';l/XE 4>&fflV^§W2 9 S't'^tOlRlB^- h^yX7x^ 

mimt. E Ami^^^mt^ r»>^^yi/xj (^;w-^-'i''i';L'X) t:i/^^< 

(i) Ad-d 1 3 2 4'>^;I/X*^P)CDDNA (Thimraappaya et al . .Cell 
3 1 (1 9 8 2) 5 4 3) &tf:/^X^ Fp P Y 5 5 m^thB amH I 

pEAGa 1 mmmzicim-^nrc) ^^m^xmmzQ 3^icmm-h'7yy^ 

(ii) E c o R I iz^'omit-^ntckd-d 1 3 2 4 JlXfj^^ODN A 
&0'B amH I tCci; Dfmb^nrc:/^^^ Fp P Y 5 5^, y 

Fp E 4 G a 1 ^fflV^TW2 9 3 't'tcll]^- F 5 yX7 x ^ >^ 3 y Lfc 

o 
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(iii) A d 57TV'^^;l/;^*^e)<DDN ARaV^X^ Kp P Y 5 5 (M 

5 Fp E 4 G a I ^ffll/>T»2 9 3 cftClIIB^- h ^ yX7 x ^ ^> 3 > Lfco 

(iv) E c o R I tCj;Ormb^n/cA d 5 7tV '>-r;I/X:^)^e><DD N ARt/ 
B amH I icXOmit-^nfc-f^X^ FpPY55^^ pEAGal ^ffll/^T^ 
^2 9 ScftclBjBf- h^>X7x^'>3 VL/io 

(i) Rr/ (ii) li. EK E 3RC>"E 4^i|!cA^^^LTU^Smx.7x 

y^-r/i/x^ittii-t^oii^&Bi^gtcL. 73?i (in) :Rt>' (iv) ti. e3:rd'e 

E K E SRt^E 4^I^^^^^LTfcO:^)^-::'F^>X3ia? (transgene 

) ^ig?i-r§iaj^^7^;i/x^{m-r^@6^T\ tjs (i) (ii) m^a 

d-dl 2 2 At^h(DY^n k(O\Xt>'0\^. E 1 M^A'^'^^LTU^?)*'^ L;()^H/^-f 

n^^o h ^ y Xjifs? ^igw -^-r ;i/x*> e, cd d n a c 

b) E lRr>"E 4M;&h^yxM£-r§Ml^^cj;^Hiii 

r^rc'prj:<, ti. Ad 57 T'/'y^jVT.CD E 4 mMM-'fyyiy-L. (open f 
raines) 0 R F 6:RD'0 R F 6/7 ^fg]l-ri.l^^ j^Jx.«' 2 9 3 l^*^5>l^«$n 
§W^;OUd 5 7x/7-Y;l/XtDE mU'E 4^i5?cDM#^ h^>XMST?t 

W-oX. EK E 3WE 4Mli;^)^:5^^LTl/^^,m^7-r;UX«±aiL/c73 

i:^'«-et;g)o '>^< i:t>E 4M^;0^:X^LTV^§7-f';l/X>&{tl±}-r§/ci6tcffli/^ 

^■f5m\^t-^f'^K>r^<s. mmm.m]^ (ffl^^^7^;^x^D^^ttl^^^-r) ^^^ffl^^/c 

0 0 r pmTm>5:^^L/co -^tc, J: ^ LTt#/£±?i*^mfii¥migS'P^ 
(Ta^a) tCOV>T(iW2 9 3&t>'77j4b) ^C-3V^T^i E 4Mi|!c>&|g]l-r§lffl 
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^MlJ 6 

6. 1 :/^X^Fp2©» 
cKD-Z^X^ FtiA d SZTV-^^^^XCDyV^OB amH I (2 1 5 6 2) 

m\i.=?--^Mt^ Xbal (28592) &t>"A v r I I (3 5 4 6 3) mtLWi<D 
ifTK-A"^'^^bTV^§o y^X^Kp2{i. OTOirit^B amH I 
\f^MLXm')ym.\ttrifc-f'y7.^ Fp I C l 9 R4'^(0^n«-y«t;)l 

- BamHI (2 1 5 6 2) SC/X b a I ( 2 8 5 9 2 ) gPfuP^O A d 5 7 

- A V r I I (3 5 4 6 3) M (B a mH I Ji^'14) ^^P. B c 1 I 
TCO. Ad 5 7rV'^'f>'bX (fe I TR^^t?) cDy/A(D^« 

6. 2 L 5il{5?>g:W-r§^>'W^-7'^X^ F (p I TR L 5-E 4) 

-N;W-^-y^X5 Fp I TR L 5-E 4 ti. F-^yxm^TE 4&t>'L 5^15 
?^«-r^o ^nti. ^etCA d 2 7xV'^-f;l/XcDML P:/o^-^-(D{^iJ 

®T{c3^«^n- Ffk-r^ L 5mi^^ts. 2 tcHaic^nfc:/^^^ F p 

E 4 G a 1 tC^jS-r?>o :/^X5 FpITRL5-E4 >grOTOfil1f T-M^L/i 
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0) o 

5' -3' yjm^H i n d I I \ IIHOATG. RZJ-kd 577^/^ 
-(;lX(D^'yjA(D3 1 0 8 9mcii.mt^Nd e I gPfi^TOMOn- FfLE 

m^5' -3' yj\^v\:xyic7r^to 

AAGCTTATG AAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATG 
5* OHi nd I I imtRr^S' ONde 1 gPlVt^^-^TTV^-^^V 

^~ (tripartite leader) mm^^tSS s p I -H i n d I I I ^:/^X^ 
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